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]lo\V l)ossit)lr  to (:01) 1’(:1’[ 111( ’:+(’ Ili#,ll  r(wollllioll l’il(l:ll’  (lill:lS(:tS il)to lill’~,(! s(’:11(’ fi(’l(ls

‘]’]1( s(i(:]lt,ifi(  [~,():il  of tl]t  1{(;1’S is 10 ])Iovi(ic  (I:lt  as(:ts 10 i]]l])mv(  ollr (:lllr(:l]t  llll(l(ls[:l~](li]][’,  of”

tl)[ iltl]):](t  oi” s(Ia i(() 011 [I,lOI):JI (lilt]at(~. IIitcr:l(:tiolls  I)(’t\\’(:(:])  S(’ii-  i(i’, ()( ’(’:111  :111(1 ,11. 1110s])11(’1’(”

ill 1]](’ ])01<11 1( ’p,i(n]s  H t l ’ o i l } ; ] ) ”  i] f)(!(t t]I(} ]{~:)]’t]l’s  c’liltlat  (’. SCil ](( p,l’OWtll,  lllo\r(’lll(’llt Hll(l

(I(wy tlfl(’(’l  (’ll(!l’~;y  all(l IIl:lss  l)alall(x!  of tllc ])olal” ()((!:111  Sy+t!(’111. ‘1’11(1  surface ll(:at  aII(l lmillc

flllx(:s  ?iSSOC’iilt (’(1 wit]] sm. icc ~~lowtll  c(nltril)utc  sip,llifi(:allt]y  to [ol]v(xti(lll  of tlI(: o(c811 HII(I

tll(:l)llol]:lli]](  (ir(lll:ltiol).  SII(mr (:(mr(x]  s(x- icc rcfl(x:ls IIl(wt o f  tlI( itl(:i(l(llt sol;II rtic]iat  ion

lM(II; ]l)to SIN](V, W]]j]c fl(:s]l iv?lt,(!] flllx(w  asso(’iat(x] wit]} Ill(’It  i]lp, i(c s(’rv(’ ;I$ st ill )Iizillp,

(:l(:l)](!l]ts  ill tll( (’ir(lllatioll  of tl]r Il(HtlI Atlalltj(  Jv:it(w+. I) I(XYWS(Y iIlo IIp, tl](: i(() )]lilr{~i]}  ;lII(l

(x):ls(lill(:s  ]):11 t i(i])atc i)] lvtItcI-lII  ass fol IIl:ilioll, ll]nv(:llill[~, cx)l)w(lioll  scdilll(:]lt  tl;llls])(mt

:111(1  otll  (’1”  ])ll(’1lO1ll  (’11:). llll(l(l}t:~ll(lill[’,  aII(l II]o(l(:llill[’,  tll(w(: ])11(110111  (11:1 r(xlllir(  i~lfo])llt~tiol~

of s(m i((’ 11101 iol], t IIickl]css  tIII(l (:()] ](’(:]ltl:lti()]l.

l’iv( s(:;I i(() ])ill’illll(ltCl’S ar(’ (wtil]lat(d  [111(1  I(xwr(l(:(l ill (1](:  1{(;1  ‘ S  syst clll: ic:(’ ]Ilot i(n), i(x)

:l{l,(/tlli[l;ll(s:l  (late IIlclt ol]s(:t/flcczc-11]), o]mi water fta(tliol] [III(I IIistop,raltls  of lj:~(l<s(:ltt(’1.

1  h](mv, W( (I(w(ril)(’ t 11(:  s(:i(litifi(  IdcvaII(:c  of tl](wc [~(x)])llysi(al  vori:}l)l(:s.  A fllll(lal~l(’]]t  HI

I{ C;I)S III(tISLIT(III(IIt  i s  ](( II]otiol)  ot)tail]cd  by trtl(:kil][’,  (:0111111011  f(:lt~lr(!s ill su(x:cssiv(  SA1{

il]]ap,(:s. III tl]( l{(; l)S, a l)ap,]:l])p,i~i]) vi(:w of tlI(: ]I]otioll fi(’1(1 is ]) I()(IIIc((l  fro])l  a S(X]II(II(C  of

SAI{ ill]a[~cry.  1’10111  tll(w(: ol)s(lI~:itiol]s,” {llc icc ap,c alI(l  i(c tlli(kll(ws  IIisto[’,ral]ls  of 1 II(I  tllill

i(x: fra(tliol) of t II(’ i((’ cov(!l  j]] tllc willt (:1 am dcriv(d.  III t II(’  SIIIIIIII(:l,  w(’ cstiltl:l{(:  tl]c ()]ml

M’:lt  (~r fra(t ]())) fro]]] l)a(’ks(zit  t(’) aII(l aI(:a Cl IaIIRC il]fo~ }]lat io~l. ‘1’11( l)i](l<s(~~tt(:l  )Jisto~,lilll]

of (:1(’11  (’(11 I  (Y OI(l(I(l  (Illrill{’,  (M(:II  o]wrvatioll. ‘1’11(:  tilll(: o f  II)(lt-olls(t  ill tlI(: s])rillf’, :111(1

fl(’(’7(’- 11]) ill 1 11(’ lilt (’ fall :11’(!  (:stiltlat (’(1 fl’(~111 (’ll:ill{’,(!s ill l)il(’liSC’:lt  t (’1’ si[:]]:il 111’(! of tll(’ i(( (()\’(’]’.

‘I1l  IWC ficl(ls  of p,(() ])l)ysi(a]  vii] i;il)l(:s  will sll])]x)l’t  ])r(x’rss st (l(Ii(s, 111()(1(11 vdli(ltllioll aII(l tlI(:

(l(~l~(~lo])lII(IIl  of (lillli]tolo~,i(:s”  of SCH icc ])r(mss(:s.

1(Y j!f’()(?()?j.  l,: IlfJ,(s  s(:II( (ir( llli\t  i o n  of s(:]  i(( (l(:t(rl]]il)(:s tl]( :i(l\((ti\( ])211( of tl]( i(( l)iil~lll((

:111(1 ])l(wi(l(’s  il \’(’lo(it)j”  l)ollll(lill’~~  (oll(litjioll  0]1 tll(’ ()( ’(:;111  $+11]  ’ftl((’. Slll:lll(’1’  S(’al(’ ])1’()(’(’ss(!s

]I)volll(”  t,ll(’ (I(l:lil(’(1  IIlotioll”  of” il)(livi(lll:l]  flo(!S,  fl[],~,l(’[~ilt(’ of (10(% illl(l 111(’ fol’]llat  ion of 1( ’<1(1S.

Slllilll S(”:11( 1( ’(’ )Ilolioll”  [’olltlol  S” tllo ill)lll)[lilll(’(’  01 tllill i(r :111(1  111( ’1( ’1 ’01’(” tll(’ 111:111~  Sl)lf”il(’(t ])1”()

((WS(X (l(q) (11(1 (IIt 011 tllill i(’(~ , S11(’11 ilS till’l)lll(:llt 11(’il( fill X to tl)(! iltlll~)S] )ll(’1’(’. 1,( ’:1(1 f’())  lll~ilio!,

(lllril)f~  ])(’I  10(1s  of” (liv(’lp,(~l]t  IIlotioll” ])1’()(111(:(’  ()])(:11  li’~lt (’1’ ;111(1  tllill i(x~ ;ll’(>;ls  t Il:lt (Iolllill;  lt(!  tll(’

II(:lt flllx jl]l (~ t II(I :it IIl(w])ll(:r(  2111(1  s:Ilt  fl(lx into  tllc (N(IaII,l  II (())lt r:lst 1() this  ill’(! ]Jl (! SS111”(’

li(l~’,(w t II:lt  fol 111 (Illril]p,  j)(vi(~(ls  of i(c (ol)l’(:l’p,(:ll(  ’(’.  Slll:lll  S(ill(’ IIlot  iol] :111(1  (I(:fol IIlilt ion of



1( ’(’ (l f][’/i}17(’)(Tl(  ’.5<s  II f<sil’ii)lli  loll. ‘1’11(1  (wti]t):itiol)  of tll( Ill,i(k)lcss (Iisttil)ulioll  i s  tlI( ))liltlilly

l]lotiv~itiolt”  fol tracki]]p,  t h e  i(() :I~;c  (Iisl rj))l~tiol). AIII(HIF,  11)(:  II IaI~jJ IN o))(:rti(x  of s(::I II(>

str(JII{I,ly  (l(:])(:II(IcII1  II]WI1 its tlli(:kll(:ss  :INI col])])l(wsiw,  stIcIlf\III,  Iat(:  o f  p,r(nvtl), sllrf:lr(

t (lII])(Il:Itlll(:,  11)1 I)lllcllt  all{]  ra(liativc  II(!iit  (’x(:llall[’;(’  wit]] 1 11(:  atltl(w])llclc,  salt< (X)lltcllt  all(l

I)lil]( flIIx i?tto  I IIc oc(:alli(:  ]r-]ixc(l  la~’(r  [ lJ711(17~i(i7i(7. 1 986]. 0111” ])r(’s(’llt I{ II(WI(Y1{:(! of (’11(’

AI(’1 i( icc tllickll(++ (lislril)lltio~) is d(’li\’(xl  l;ll[~(:ly fro))] ;Ill:llysis  of so]J:Il  (Itlt  il fro]]] s(ll)lllali:l(’

(lllis(:s.  h40r(: I (:((:lltly,  111()()1  ill{’,s  wit]] u])wtII(l lookil)[~” SOII; IIS lIavc }Ilso  l)(x:II  IISU1 to StIIIIIJl(

t II( tlli(kl](ws  (Iislril)lltion  at, fix(x] 1()(:11  i(]lls. ‘J’II(s(I  :Ittcl otl](:r I(:)II(J1(  s(llsi))[~  t,(xlllii(~ll(’s

1111( 1( ’1’ (l(’\~(’ lo])lll(!ll(  fol” lll(!:islll’cl  ll(!llt 01” tllc i(’c  tl)i(k)l(ws  [II(I rcvi(w’(1  i]] (  Wod}Lm//s  ((11(1

(J(J7//7,$o,  1 !1!12;  ‘J’1107/1d74kc  (:1 (/1, 1 992). ‘ill I(W(: i]]strul]l(:~lts  tyl)ically  1)1 ovi(l(:  :1 ollc (Ii)tlclisiollil]

t lillls(:(t  of j((’ (11’ilft ( o r  (:c]l]ivt~l(~l]tljr,  tllicktlcss). ‘J III(I (lat,a ar(! us(!fu] fm c(nlll)~ltil]{;  tlI(

VOIIIIII(> tI:IIIS]JOIt  of icc tllroll[’,11  a rep, ion or l)llildil]~’, 11]) [1 (’li)ll:ltolop,y  of  lIIctllI  icc tlli(:kll(’ss

(JV(I a loIIp,  ])cli(xl of t)i]]]c.

‘J’II(J :III,(J (Ii:;  tlil)lltioll  of w] icc s]mifi(’s  111(’ fra(t iolt:ll  ill’(’il (x)v(:rc(l l)y i(c ill diffmltt  :11:(’

(lt Iss(:s as :1 fl]ll(tioll  of tilll(>. ‘1’llis  a[I,( (Iistril)lltiol)  i s  ii flll)(l:lll](:]it:ll  qlltilltity  tlla( call 1)(’

lII(~:Islll(!(l  Ilsilij’,  icc IIlot,ioll  illforlll:lt ion l)y li(’(’])ill}~  t I :1(’k of t II(’ al (:[1  (lit  I] Ip,(:s of (Icforllllllp,

(’(’l IS [loud:  (’f (11,, IW5].  III lIIC Ar[ti( ()((:111 ill wi~ll(’r, I I( W  i(:c f(wll)s  fmll) fr(x’zi)]p,  ,S(YI

I\’iIt(~I  (11:11  i$+ (Ix)m(xl  by tll(:  ()]mlill[~  of l(~a(]s  ill t  II( i(x’ (ov(v’. ‘J’lI(v+ II()] izolltal  o]m)ill[~s

lll:ll]if(’st  tll(’ltls(’1~’cs  ilS :I(l(litiolls of [ll’(’il S to tll(’ lo(’ill i((’ (’ov(’r  2111(  I :11(:  (lir(x:tly ol)s(’l”t’ill)l(

ill til)l(~  s(x]II(~II[’(Is  of Sylltll(’tic  A])(~ItIII(’ 1{:1(1:11 (,9 Ali) ilttil{;(:]~. ‘J’11(,  II(W  ice i]] t)I(w I(;I(Is

il}’,(’s  <111(1  tl]i(’k(:]]s.  l{(:]x’:lt(!(l  t(’111])()]’:11  Sill  ll])lillf ’, (Jf {11( ’S(’ (’1(’  111( ’lltill a] ’(’:ls l)rovi(l(’s  11S lvitll ;111

ill(li(iltioll  of W]l(:l)  II(’W ill’(’tl  S 01 1( ’a(]s I\’(’l’(’  (l’(’tlt  (’(1. tll(’ l(’ll[’)tll  of tllcir cxist(~ll((’,  illl(l  11111S

il 1’(’(’01’(1 of tll(~il  ap,(’. ‘1’11(’ r(sollltiolt”  of :I{j)( i s  (1( ’i)(’11(1(’111 ()]] [11( Sit fll])li?l{),  i)ltovtll.  Mill]



N’(’1I  ())l%s(’f/l’i’(: (:2(’ Ul). ‘J’11(1  I()(atioll  aII(l tiltlillp,  of II)(:lt  olls(t  :iII(l  fr(w(-~1))  011  fjl(ti( S((I il(

l)ltIy  si[’,)lifi(:al]t  rol(x  ill o lIlllIIl)(r of p,(’()])l]ysi(;il  ])10((:ss(:s. A laI[\( (l(L(Iws(:  il] SIII f’tI(( :~11)(:(1(~

:1(’(oljl]):llli(!s  tl](:  oIIs(:t  of slI(nv 111( ’11 (Il]rillp;  t II(J s])rill{~  aIl(l  (IIUS illcr(:ascs  tllc alwm ])tioll  all(l

lI(:atilI~,  of tlI(: i(:(:  by tl~(: slI(n twavc  rndial  ion. ‘J’])(: ra])i(l tl(:lt-l])cltii)lll(:  (l(:crcasc  (luril)f, fl (I(:zc-

11]) iII tllc  f a l l  lIas aII o])]msil(’  (: fli:(t (HI allmlo :IIId lllarks tlI(:  lm~,illllill~;  o f  tlIc i(() gr(mTIII

S(!:lsoll all(l t!ll(! (:1)(1 o f  tll(’ SLIIIIIII(!I’. ‘1’1)(: 1( ’11[’,tll  of tll(:  IIlclt S(’asoli i s  (I(:fill(xl  l))’ 11)( ttvo

t l’illlSitiollS  (I(w(ril)(:(l  :IIJOV(’.  (~llilll{’,(’S  ill tll(:  tilt)ill~],  :11)(1 s]mtiil] ]Mt tolls of tll(sc t l’illl Sit iot]s

illl(l L])(!  1( ’ll{:tll  Of tll(! I l l (’I t  S(’:1S011  (11’(1 illl])ol’t:illt  ])ill’21111(!tCl’S  ill ])01211”  (lilllate :111(1  IIlilj’  :11S()

s(’rv(:  as s(:l)sitil’(:  ill(licat(~rs  of (li]tl:lt(’  cl Ial IfI,(I i]] tlI(I IIi[’,11 latiltl(l(:s.

ll~?71(l)7’(!7171C7’  (’l. (11.  (1 ~)94) ~111(1 13/77  /( ’1)7’C7/,7/(!7”  (’i (//.  (1 <)[l(i) II IIV(! SIIOIVI1  1 IIilt t 11(’ 011  S(’1 o f

111( ’11 all(] fr(x!x(!- 11]) (wcllts  :11 (’ cl(Ia Ily (I(icctal)lc  a s  cllaIIp,cs i]] radar lmckscatt(’~’  i]i II;}{’+  1

illlil$,(!l’~. 1 )urill~,  lllclt  ol]sct,  t 11(:  a])] )c:ll’all(:c  of liqlli(l  wat (:r ill tll(:  slI(mI  c(n’m olI llIlllt  ij~(:~l

i(r is )na]k(!d by a stc(q) (ICCI  (~:Isc (alIII(Nt 9(111) ill tl)(: olM:I WX1 I):l(:ks(:[itt(:l.  At tlI( (111(1 of tlIu

S11111111(:1’,  tll(:  l)il(’k S(’iltt(’1” fl’ol)l  Soil icc lrllicll  sllrviv(:(]  tll C SUIIIIIIC1’  S(YMK)II ill(’1”(’ii  S(’S l’ill)i(ll~

ilS t(!lll})(!l’iltlll’(!  f:lll  I)(’lo\\”  f] (xzi]]~’,  <II](1 :Itt :Iills  il S t  :11)1(!  l):l(ks(’:ltlt(!l’ \vl}i(ll is  (“lliil”?l[’t  (’l is[ i(s

of ]Illlltiy(:ar icc ill t II(!  ]vi]]t(:r  //f((~(~l: (171(]  ~J7/7/?Ii71{///(I7,/,  1 994].

( ) ] ) ( ’ 1 1  W(llk:?’  Ii’(lcli[)?l. Ihlri])[;  {II( III(1(  s(I:IsolI, frcsll w:lt(n  is rci~lj(!(:t  (:(1 il]t o t II( II])])(:

()( ’(’:111.  M(:ltwat(!]’  illcr(~ascs  ()((’all  St l’ilt ifi(at  ion :]11(1  tllcl (! fo]’(:  tll(! II(xlt flllx 1)(’t  \\’(’(’]] t 11(’ ()( ’( ’iIll

illl(l  iltl Ilo S])ll(ll’V. ‘1’11(! 11(’:lt of tll(’ 11])] )(!1’ ()((’iIll :ilS() illcr(:ascs  :1S tll(! total i((! (“oll(’(’ll  tl’iltioll”

(1(!(’1’(!/1S(:S  OV(T  tlll(:  S1111)111(’1’. ‘1’1111S, t IIC :11”(’<11  (! Xt(!llt  Of ()])(?1) W:lt(!]’  is :111 illl])ort illll ])ill’illll(’t (:1

t o  )Ilo]litor  for tll(:  Illlcl(,lst:il](lill[’,  of” 111(:  II(:ilt ;111(1  111:1ss lmla]l[”(:  of tllc  i(w (Wv(’1.

Af[(:r tll( (Jlls(:t  o f  IIl(:lt i}) tlI( s])ri]lp). t II(’  (’ollt I’:IS1 1 )rtw(!(!]l first-y(xir  all(l  1111111 iy(’:11 i(c ilt

(~- 1):111(1 i s  lost  :111(1  tll(l(  is  :It ]) I(Is(II( I)() (’fl(’(t iv(> III(:;III$ for i(() ty])(’ Cl:lWifi(’ilt 101) i)] 1 1)(

SIIIIIIII(:I til~lc. ‘1’11(’ S11111111 ( ’1  S(’ii i(( (’()\r(’l’  :11 (;- 1):111(1  11:1S  :)11 :lV(!l/1~,(’  l’all[’,(’  of l)il(’kS(’iit 1(’1

tl)i]t i s  l)(t\\((:]l -l T(lII ii])(l 1?(111.  A t  (:\l\I, ()])(’IJ  \\i)t(!] l)~~(ks(i~tto i s  (I(l)(]l(l(lit 011 \\ III(l

s])(’(:(1  illl(l  i s  ty])ically  l]i[~ll(’r  tllilll  tlli~t of” tll(’ i(:c (’01’(!1”  i f  tllc  wil](l  s])(xxl is :Il)ov(”  4 [) 11)/s

‘I’])(’  ilZillllltll:ll  look” (Iir((lioll  intr(~(lll((v-,  olll~ 1-2? ( 1 1 1  of IIlo(lllliltioll”  of tll(’ l)il(’1iS(’il  tt(’1’ ilt

1’;1{S 1 look” illl{\l(!S. C~07)/7.S() [/7/[1 l’i’?/)OA” ( 1 !)fJ3)  l l S (}( l  :11)  al{:()]itl]]]l  wlli(ll  tilk(’S il(l\’ill)t il,f’,(’ oi

11)(’ llif~llcr  I)a(’ks(att  (’1’ of” will(l 1011{  ’,11(  ’11( ’(1 ()])CII \viIt (’1’ r(l:ltivc  t () tll(:  i(’(’ (Mel’(’1” to (’st ill lilt (’ t 1](’

0 1 ) (  ’ 1 1  \V;ll  (’1 (l”il(’tiol).  111 il(lllil  1o11 10 111(’ lill”[’,(’ I;IIIJJ,(  o f  ill(i(l(ll((  illl{’,1(’  ill tlI( 11}1~  \li SA’1’
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(Iiitil, tl)(: SAI{ is ()])(’I:Itc(l at c~-1111. IJIOI IIS(: i)] I II(’ l{(; l)S, t l)is alp,oritl)l)l is ]I]()(lifi(xi  to t;ik(’

il(l Villlt ~1$,(’ of 1,11(’ 1 ’ ( ’ S ] ) 0 1 1 S ( !  O f  1’011/,11(’11(!(1  \Vilt  01” ill llCill’  l’illl~,(’ illl(l  t,ll(’ )oi\’(!l  I)il(’k}+ [’iit t(’) of

()])(:11  w’at(~l’  at tlll(: IIip,ll(’1’  illcicl(’1}(:(’ :111{ ’,1(’ ?1( f’:11’ ra]lp,(:.

7177)/(’  <Y(’I ic.$ of ))il(:!(.srfl llt’1”  Ok’(’?”ll(li ?1)7/5. ‘] ’]1(  t,jlil(-scrj(xi (Jvo]lltioll”  of l);i(ks(tlt  t (’]’  (’01]1  ilillS

ill fon]latliol)” 011 111(  I st at(’ of t lIc surfac(:  of s)Iow cowwd S(W ice. It IIIHy 1)(, I)ossil)l( t () lir)k

tll(:  (ollditiolls  of tjll[’  icc sllrf~i(:c  to a va]i(!ty of” clIcr~,y  :111(1  ltlass  {Iuxcs l)as(x] 11])011  1 II(: Slilt(!

o f  <Il)la[liol)  of tlIc SIIOW aIl(l  sca i(v [D(17?x7 t{ 01., 1{)[14].  ‘1’1,(  I{G1)S  will  coll(:ct  ti)]l( S(I ics

l)isto[l)l:lll)s  of l):l(l{s(:ltt(’1  u’itllil}  (:1(11  IJap,rdll[:iall  cd] t () sl]l)))()]’t  illV(’:il ip,illiol)s  for 1( ’1:11 ill::

t 11(’ (h’olutioll”  of l)}l(’1i  S(’iltt(’1’ to p,(c) ])l]jsi(:lllj  l’(’l(!Vtlllt ])~ll’il  lll(’t(!l’S.

‘] ’])(: il]l(:llt,  of tl)is cll:l])t,(’r  is to ])lovi(l(  ;i (l(!s(li])tioll  of tll(’ l{(; l)S, tll(:  ])ro((ssil][’,  :ll~l,orill)ltls

a]](l its (Iota  lnw(lucls.  1]) tl](: II(xt  s(xtiol]) W( ollt,]jll(:  t,]lo :ilp,olitl)l]ls  wllicll \\’(11(’  il)l])l(’ltl(’llt(’(1

i)) tll(:  l{(; l),S for alliilysis  of tllc  l{ Al) Al{ SArll rnda  I (lnt:l, l]] scctiol)  3 ,  tll(’ (Iat:l  ])ro(l(l(t~

l)r(xll]cc(l by th(: syst(l)]  ar(: (I(s(lil  )(d. ‘1’11(,  illl])l(:lll(:llt  al,ioll of tl]c syst (:])] is (Iis(uss((l  it]

s(~(’tioll  4 .  SIIIIIIIIary  ](’II1211ks :Ir(’ ]))ol’i(l(~(l  ill S(~(tiol]  [).

2 Sca ICC A lgor i thms

I(T IIlotiol)” alI(i  l)d(ks(:It  t (1 llist  ory arc 111(1  ])ril)):]ry  ltlc:is~lr(:lll(:l)ts  IIiadc  (Iirwt 1) f’lolll  t 11(

till)(’ s(x]lI(:II(Y:  of SAI{ illl:i[:oj’. ‘1’11(: [Ilp,OI itllllls  (I(+xril)c(l  11(:1 till arc stlollp,ly  (l(’])oll(l~’llt  011

tll(’ iiwilal)ilil,  y of tl)is ti)l)(’  s(li(++ of i(c IIlotiol}”  {III(I  (:stil]l:ltic)ll  of” solII(”  of tlI(w {’,(()  ])llysi(:ll

\/:l]j:~]  )](:s }~ro~l](l  1)(){,  ~ )(I f(~:lsj] )](, ~f~jt ]Iollt, (.ol)t,jllllolls”  ()] )s(:rvat,iolls  of ic(:  (’O\J(’l’. ‘1’11(1 sj)(’(ifi(:

(I(:tails  o f  tll(’ alp,oritl]ll)s (I(x(lil)(  ’(1 I1(IIC (::111 l)c follll(l  ill tlIc r(:f(:mlc(w il) tll( t(xl alI(l

(:lsc\vll(n’(’  ill tjllis  1)()()1< :111(1  ]vill  IIot l)C giv(:)l 11(:1(:.  l{alllcr, W’ 11s(: (xallll)l(x to illlwll <It(’ 111(’

])l’()(:(: (1(11 (!s.

‘1’11( i(() IIlotiol)” t lii(k(r  is I); Is((l 011 1 II ( I ])lo[((lllr(  (l(+xril)c(l  i)) KII)ok (/ (/1. ( 1[)()()).  l]ri({l~r

tl)( i(x> tl’;l(’kill}: ;Ilp,oritllll)  ()])(l:it(’s  ())1 ])ilirs  o f”  illla{’,(’s  s(!])ill’~lt(’(1 i]) tilll(’ l))’ )1- (l~i}’s.  Ilsill[:  ii

(T)llll)illiltioll  of :11’(’:1-  ll)~lt (llillp,  illl(l  f(’:ltlll’(’-  lllilt  ( ’hi l l { ’ ,  t(~clll)iqll(w  to tl’il(’k  :111 }ll”l”il}r  01 ])oillts
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2.2 1 (w A gc/r-l’hicknms

‘1’llis  ])ro((:(lllrc  :illmvs 11s to ]nwvi(](: cstinlatcs of 10(:11  af’,c all(l t lliClill(!SS  (list ril)utiolls  of tllc

Al(’t ic s(~] i(( (( N(II.  WC IIot(:  that tl](: tll~,mitl]lll  works o]]]y (l~lril]{~  t 1]( willt(:r all(] also tll[lt

it })lovi(l  (:; ;l fi]]r  ;Ip,(I r(:solutio]l”  o f  ()]Ily  111(:  yOIIIIp, (111(1  o f  t  II(: :1{1,(  (Jist]it)lltic)]]. W( l’cf(!l

t () t i)]]( i]]t(lv~il  l)(tw(m]  s(:quc])tial  il)l:lp,cs  as a t ill]( stc]). l)llrill~],  (:1(11 till)(: st(:]),  Illc c d l

i]r(,:ls :)](’ conl])llt(~(].  A  ]msitivc  (’llall~,(!  ill(licatcs  tllnt,  ]](nlr i(:c WM f(m]lc(]  ill tll(’ c d ] .  A

11( ’[ ’,ilt ivc (lltlllp,(:  i s  asslllll(d to llavc ri(lp,(:d  tl](: yollllp,(’st  icc ill t I)(’ (’cl], rc(lu(:ill~,  its 21r(:a.

‘1’11(  ilssll))ll)t  iol) II(!rc i s  t ha t  olIc(:  ]iclgi])p,  sta]is,  tfI( (icfo]  ]]li~t  io]) t(]l(ls  to l)c lo(aliy,[(]  i]l tl]c

1 ~ t]]at rcccl]t,ly fc)rlt]c(l ill tll(:  l(:ad  s\ ’st(:IIIs.tllilil)(l,  ww .(J I(c ‘1 ‘II(! ap,c c]ass(:s  arc (I(:t(:nllil](:(l

l)y tl](’ l(I) J{\ll]s  of tl](: t,im(! st[!]x+. ‘J’]](: ;11(!:1 of ic(! ill (!il(ll :1[:(’  (’lilSS ill (’ad] (:(:11 i s  ll])(121t  (Xl :lt

(i)(l) tilll(~  st(’]),  1]] tlllis  w:l.y, w{! k(wl) tl:l(k of t,l](’  ii~,(’ (Iistlil)lltioll  of” tll(~ yolll]fI, i(c.

‘1’11( i]r(’:1 o f  l)llllti~w:ir  i(c ill (xicll  c d l  i s  81so col]]])llt(’(1  ill (w(l) tiltl( st(]) usill[~  tll(:  icc

(l:lssi[i(illio]l  ill~,ol  itl]lll  d(w(’rilxxl  ill K’UJ());  Cl (/1. ( 1 { ) 9 2 ) . ‘1’11(’ i(() ty])(’ illp;ol’itlllll llSCS :1

IIl:lxil)]lll]l  lik(lillo(xl  (l:issifi(~r  :111(1  :1 1001{  -11])” liil)l(’  of” (’x])  (’(l( ’(l l)il(’1<S(’il  tt(’1’  (llill’;l( ’t(’l’isti(:s

t o  tlssi{;])  (’t](l)  illlilp)(’  })ixvl to olJ(” of folll” (’1:]  ss(s: II]lllti}’(’tlr  i((, (I(,forl))(’(1  filst y(’t]r i(c,

1111(1(’f’olIIIf’(1  filst-}’(’tll’  i[’(’, :111(1  i) 101$) l)il(’k  S(’~ltt  (’l t~})(’ (’11:11  ;l(t(~]ist  i(’ of Slllootll, ” J’ollll]’,(:1”

i(() t~])(’S  iill(l (’:11111 ( ) ] ) ( ’ 1 1  \Vilt(’1’. ‘1’W() ])(x+sil)l(:  Solll’(’(’s  of” (’1”1’01  ill’(’ flo]l]  l\’il](l-loll{\ll(li(:(l

()]N:II wiltrr  al](l  froll)  frost< fl(nvcrs  p,r(nvill[’,  01] ]](:w  1(’(’.  ]Iot II o f  tll(w ])llysi(:a]  ])l](:ll(nll(~]lla

(,xllil)it  IIi}’)llll’  vtlri;ll)l(  l“ilflill’  l)il(’k S(’illt  (’l’. (:illsillp,  tll(’ (lilssifi(l  lo l;JI)(’1 tl)(w(’ ])ix(~l: solll(~li)]](~s

(i



il[],(~ :Il]:llysis  ])m(’(!dur(:  i s  tl]c 1 l]ick]]w+s  (listril)utioll  of YOUIIP,  icc at

illl(l  t 1)(: :11’(:al fr :Irtioll  of first .-. y(:ar all(l 11)1111 i-y(’tll  i(() at r(’[’,lllar  tilll(’

o f  ]lo\V i(’(’ :1{],(’ iS l’(!][lt(!(]  to (:(’]] [L1’(!{l (’h:lll~,(% (’ill] ])(’ folllld ill ~fWk

a fil]c s]mtia]  I csolut  iml

il]tu val. 1{’urtllcr  (lctails

(’1 (/1. (1995).



‘111)( I)lock (Ii:lf,r:ll])  for t,ll(:  cl)tjir(!  a~,(:/t  IIi(kll(ss  s(l](ltl(: i s  sI](Nv])  ill 11’ip,(lr(:  6. ‘J’l)c llI(:asllr(:-

111(’111s  of i(x: (lis])l~l(’(lll(llls  at, (:;1(:11 110(1(”  :111(1 llllllti~(’ill’  ~lrco  \\ ’itllil)  (’:1(:11  (’(’11  :11’(’ (X)lll])llt (xl

(]llrill[~,  (:;](’11 til))(:  St(:]). ‘J’l)c tc)l)])(:liltlll(’ a t  (121(11  ((’11 i s  a]so I(xIOI(I(:(I. ‘J’IIc arm clIalIp,cs  of

tll(’ (’(’11S ;11’(’ tl](’1]  11 S(’(1 to 11])(1;11(’  tll(’ ;If),(’ (Iistlil)lltio)ls  ilS (I(w(li})(’(1 ;Il)ov(’, ‘1’11(’  tl]i(’lil](!ss  (lis-

1  ]il)lltio]l i s  111(11  (l(t(]]lli]l(xl  l]si]lp, t 1]( 1(’1111)(’I;I1  111’(’  r(’(ol(l  il[’(’lll  lllll~lt(!(l  fol tl)at  ((’11. S(JIII(L

f(’ilt  Ilr(’s of t 1)(’ s(II(:]])(  tlr(~ (l(Is(] il)(~(l  I)(II(JJv.

‘1’11( :1~’,(: (Iislri])llt iol] 1](:(:(1s to I)( il)itiilliz((l  :Jt filll fr(’(’z(-11]) Sill(()  w(: (10 l)ot k]]oilI  tllc  i(( ;,{I,(

( l i s t  ril)lltioll  tlt fr(’(’z(’-ll]),  01)s(!1 v<]tiol)s  II)llst  I)(’  111:1(](’  fol <I ])(,rio(i  of t il]](~  I)cfor(’ th(’ illit  iii]



w (Iis(llss

W(’ (’ollv(’l’t

I](I  sOIII( c of t 11( t (lll])(r:]t  III(I fic](ls  W( lls(~ ill tllc  l{(; l)S i)) 111( JI(~xt s(’(tioll.

tll(’ <IfI,( (Iistlil)lltioll.  10 tlli(l;llrss  (Iislril)lltioll,  }\’itll  ii silll])l(  ])]()(((1111(’  m’l]i(ll



~ItiliYm tl]r (l(:]NI1(l(vI(v o f  illi(k)l(:ss,  }1, ()]] fl’(:czil}{~-(1(:{’,t(:(’  (l:iys, )“. 1“01’ (’:1(:11 :11’(’il  of yolll  l{:

i((:,  Il](:r(’  i s  [Ill u])]mr al](l  l(nv(:r  lJ(JIIII(lS  011 lll]c  n~,c of tl](: I(C (Iuc to tllc  l(:]l~)tl]  of (a(l) tilll(’

st(~]):  tl)(’ ()])(u)i]]p,  ill tl)c ice colll(l  lx’ (](Iak(l  (lurill~, tll(’ lx~{;ill]litq’, 01” 11(’al’ tllc (’11(1 o f  tll(’

t ilt)( st (]), (;OIIS((]II(II1  ly tlI(’lt’ [II( t\V() \tIlllcs  of” 1“, 11])] )(’1 [111(1 lo\V(’1”  1)01111 (1S, tllilt il])])l~ to

(!tl( ’1) ;l{\(: (’at(!p,ol’y. IV( (10 l)ot kc(q) tI tick o f  1) for tl)c first  - Y(VI] a:i(]  ll)~lltiy(!ar  (l(Iss(:s.  W(’

USC(I 1 ,( IlxI(l(:v’s  ]):lrill]l(’t(:lix:]tioll  ((lis(:ussc( I  ill f14(N/kui,  1  {M), will] 1 1  ‘ 1.33 l;(’ “N. ‘J’his

rclatiollsl]i])  is Ims(:d  (n] 24 stj:]ti(nl  yc:i Is of olmrvatiol)s  froll]  viirious  l(mltio]]s  ill 11)(: Wvi(!t

Ar(ti(, IA:lxY1(v’s ]):lli]]]l(’tcliztitic))i  dcs(:] ilm icc [I,rmvtlI III I(ICI ‘) avmap,c’)  sII(nv  co]] (litio)s,

ill coIIt r:Ist to ot II(N trllicl) (Iwx’rilm  i(c 11,1  (m’tlI wit]] lit  t lc or II() SI)OW CWCII.  ‘1’IIc  t IJi(kllcss of

tl]( sllo\i”  (OV(’I i s  till  illl])ol’lilllt ])aralll(’t (’l wl]i(l) (:olltl’ols”  i(( {’,IOWIII, l)ut tlI(I( i s  ;it ]mwlIt

II() rout)i]]c  ]ll(:islllt’lIl(:]lts  of sIIow dc])tfll over tllc  icc COWI.

‘1111( 1]])] )( ’1’ and low]” ~)ollll(]S of j(;c  tlli(kl](:ss  for (’HCII 8[),(’ (’]:ISS  :11(’ S]lOWII i]} l’ifj,lll  (’s 4(’ all(l

5(. ‘J’11( lligll I at(: o f  i(c p,mvtl]  WIICII (IIC i(c i s  youll~, p,iws tlI(’ laq;cst  II I)(CI4  tlil]ty ill tllr

tl)i(k])css  i]) tl)is yoIIIIg(st  af:(!  c lass . ‘J’]]ls (]]]((:ltai]ltly  illll)]()\(s  :Is t II(: icc a~:(yi :111(1 t 11(’ p,] ’( JWtfll

r a t e  (1(:(] c a s e s .  ‘1’11( iiIva o((u])i(!(] Iy s(:;I im witliil]  a tlli(kli(:ss  raIl~(( cti]l  IN: r(iI(l (Iir(:ctly

flolll t 1]( l“ip,s. 4( til](l 5(. (;(’11 aillly, ii ltlor(:  sc)])l]istic::it(:cl  111()(1(11 (x)III(I  I)( illl])l(lli(ilt(:cl fol

(:olll])l]t{ltiol)”  of i(() tlli(’litl(’ss, and t h i s  (0111(1  e a s i l y  h ill(’.ol])())~it(~(l  at ii lilt (’1’ st:l{~(’. l’)if),. 8

SIIOWS  i) SII:I]AI(){  to llI(J tllill i((! f’ractioll (x))ll])utcd  fIol))  tile trtij(’(’lori(’s US(I(l  to (’rcatc l“ig.

3.

2 .3  SIIIIJIIICI’ O})cm Wai ler  l“racljion

‘]1]1(1 SIIIIIIII(q ()])(11  \yiit (II fl+l(t,iol)  wit,]lill  (H(:II ((]1 is d(:t,(u)l)ill((l  }iit  II (III  ;]lp,oritlllll  wlli(:])  11S(:S

tlI(’ wil)(l (1(]) (’11(  1(’lIt  (l)tlra(t(’1 ist i(s ofo])(Il”  water. W(: first  (wllll){]t  ( t II(J (xl)r(tc(l  l)ackscat  t(:r

cross-s  (’(t iol) o f  ol)(~II \v/ltm llsil)p,  tl)c slllfa(w ~i~ill[]  s])(;(:(]  :111(1  i t s  (Iil(xt iol) rclativ(’  to  tll(’

1:1(1:11 l ook”  (Iir((tiol)  tlt (Ia(ll ]x)illt.  A (;-1111 ]t](xl(!l  full(tioll  (co]]strll(i((l  frolll cllm’l]t  C;-\~\?

1110(1 (’1 flll)(’t io)ls llsil)~,  tllc  (:x])  (:(’t (1(1 co ]mlariy,(xl  r(:s])ol]s(’  of ()]J(I]I  ~t’:lt  (~r) is IIS(XI t () ])rovid(:

t 11(’ I)il(’ks(’ilt  t (’1’ (’1”OSS  s((t ion of ()])(’1) \\’ill(’l’ Ilsillp,  t 11(:  /ll)OV(”  illfol  II):it  iol]. S11111111(’1’ i(v (1):11’~’

i(r, I((’  IYItll \Y(’t SIIOI\7 (OV(:I ) 1):,s i, V(ly 1):,1 101! 1’:111[’,(’ of l)a(’ks(’ill  i (’1 , 1)( ’(\v(!(’11 -1 7(111 all(l

.  ]Z(]]], At (~ ]]]], (](,])(1)(]11)[~,  011 t,]l(’ lvil)(] v(!]()(:ity ii])(] il)(i(](’ll(>(’ all[’,l(’i  t 11(’ INl(’ks(’at  t!(’1’ of

()])(’1) wilt (!1’  (’0111(1  ()\T1’ii\]), 1)(’ ill)()~’(’  01 lJ(:IOW t]lat of tll(! i((), \f’(  (10 IIot (Wtil  Ililt(’  111(’ ()])(:11

~irilt,(,l  fl; l(t, ion if t,]l(, ])i\(,]{s(il(  {,(11 of it~i]t,(:l  ti])(]  i(() OV(,]]il]).  A t  ])oij)ts \vl](!](: t]](~  ()])(:]1 ~vt]t(:]

l):l(ks(~ltt(’1  i~ :11)01’(  {)] 1)(’10JV tllilt 01” 111(’ i((, J1’(’  Ils(’ l)jl(ks(:ltl(’1  l!!l(’:sllt)l~l+  (0111])111(’(1  11:.ill!,

1()



‘1)])(:  ]):1(:];s(:11 t (:ril)p, (IOSS sc(t,iol]  of at 1,a[l,ra~lp,iall  CC]] is r((OJ(l(xl ilt (tic])  t,illl( st(]) A ti)l}c

s(’li(’s  oj l)il(”ks(’il[t  (’Yillp, (10ss s(’(tiol]  IIistop,ralll  of (’:)(:11 ((:11  is 11s(’(1 t () (lct(’rll)ill(’  t II(’ (I;lt  (: of

111(’lt  olls(’t :111(1  fl’(’wc-  11]). ‘1’1)( ]tlclt  o}]sct  al~’,olitl]ll]  tracks  tll( ])(:)1{ o f  tll(:  l)isto~’,]illll  for

calls wit]] 11101 c t ]Ial I M)% ]Ilultiycar  im. ‘]1])(:  (](:t,(xt,io]l  (ritcrio]l  is WII(I1 t II(: ])(:ak  V;IIIIC (Ii]xi

I)(IOW  a ])l(:(l(t(lll)il)(:(l  tl)l(wllolc].  WC (wtilllat(: tl)(: (1;11(: to I)(: tll( t i)ll( \t’1)(:1]  tll(:  t(ltl])ol:llly

i])t(:l])ol:lt((l  ])(lilli (:1’0ss(!s  this till’(:sllol(l. ‘1’1)( f](:(~(’ II]) alp,oritlll)l iilso  t ]a(’ks tll(:  1)(:]1< of t II(J

l):l(l{s(:ltt(,]il]p,  IIistop,ra]]].  WIICII  tl]is ])(x]k r(:]llaills almvc  a s])c(:ific(l  tlImJIol(l  fm ;) ]mio(l

of N  ( l a y s ,  (sii]]latc  A] (lays ])ri(n to t)Ic tlm:sl]old  c1 ossi]l[:  t o lx’ tl]c (I[lt(: of frc(m:. ‘1’11(:

(I(d nils a]](l lmsis for tll(:sc alp,oritll]ns  a rc  dismsscd ill ollal)t(v  xx.

3  1{(; 1’s l’1’odllct)s

‘1’11(1  ]II(I:Isll](IIIl(  IIts ]IIa(lc  at cac]) ti]II(:  st(q) arc stl(m(l ill (111(1(:  IIldill  t~il)lcs  (r~’at)l(’  :~): tll(’

(ollllc(tivily  1:11)1(’$  p,ri(l ])oillt  tlr;lj(x’tc)ry  t:ll)lc nl](] tllc  ((J]] ;lttlil)lll(~s t:ll)l(’.  ‘J’llis  illfoltl):iliol!”

i s  :lvail:ll)l(~  1  () lIS(JIS wl]o II(w(l tl]c t~il)l(vi  a{ t]]c lmwst  I(Iw1. ‘1’IIc si~r(  of tlluic tal)](:s  F,row

lil](:llly  wit]] til)l(. ‘1’l)(m nr(~ a total of fourtml 1{(11’S ])r(xlll(ts  (’1’al)lr  4) (l(:rivc(l  fl ()]11  tlllx(’

t :lI)I(Is.  S(IV(I]I  ])ro(lll(ts  arc ]nwdllcc(l (Iircctly  frolll tll(’ 1 ,afy:ll)~~itlll  i(() ltlotio)) OIEW] \atiolls;

tll(’y (ol)taill  illfollll:ltioll”  al)d ])ro])(:rti(v;  al)olltl ill(livi(lll:il  ((:11s. S i x  p,ri(](l(xl  ])]()(lllcls ( 5 0

lilll  p,li(l) 011 :)11 , ,$$M/1 ])(d:Ir st(nwr;l  a])l]i( ]nx)j(x:tioll ,  ar(~ SIIIIIIII:Ir\’  ])ro(l(l(ts  (I(qiv((l floll]

tll(’ (’(’II  (lilt ils(’1 ‘ 1 1 1 1 ( ’  l?lSt ])1’odll(’t co]]tai]ls  p;rid(l(,(l  S(’21 l(}\’(}l  ])] (’SSI1l’(’, s~lrfac(,  will{]  alI(l

t (’11) ])(’l’ilt  111”(’ (st iltl:it(x m’l]ic]l  lV(’1(’  11s(’(1 ill tll($ all:llysis  oi t 11(’ SA1{ (lilt :1.

II



3,1 1 )alal)as(! ‘J’ablcs

~l(J7171((:ti7J7/.?/  ‘/hblc, ‘1’l]is kc(:]x+ track  of t I I ( I ]Iul]llwr of ]mi]Jts  i] I tl]c l)(dy~’,()]1  11s((1 to (lcfill(

ti ((:11.  l~br  ca(:]l cdl, t,llc p;rid lmillt  i(l(u]t  ilicts of t IIC vcrticcs of t,llc ]x)l-yp,  oII ar(’ st, (mxl. Al-w,

t 11(’ I)ilt  1] :llld (I(!fltll (l fltCS Of ill{’ (:(!11 ill’(’ s{()](, (], ‘J’]lis  t,:il)](~  i s  Il])(lat,cd  wl]cll a ~;l i(l ]mi}~t

()] ((’11 i s  a(l(l(x] OI dclckd.  l“or CNIII])l(L WIJCII H p,rid ])oil)t i s  (l(:l(:tr(l,  t)]r  ((IIIs wl]ic]l :)1(’

(l(’Jill((l  l)y t]lat  gri(l ]x)illt  arc I](J lol)p,(Il i;lli(l :il I(l tll(ls callsrs tl)c (I(:atl] of tll(x(  ( e l l s .

C)(J1l  Ai/7ib71f(,s  lhhl(:.  ‘1’1)(: ])ro]mtics  of (’il(’11 (cl] (:. f’,. }):l(ks(tlt  ((n llisto~’,ta)tl.  IIlllltiy(:ar i(r

fl’il(’t  ion. :Il(:il,  (’tc. arc stor(:(l i)) t h i s  tal)](’  wlli(ll is Il])(l:it(xl  at (1:1(:1] Lilll(:  st(!])

3 . 2  l’l’odllct)s

1(( Al(J/7(~71  (l,(1{)7(171fj2(  171/l;111c72(171).  [)])(’l”ilt iollally,  a r(’[I,lllnl  Hlr:ly  of ])oill(s  is (ldil)(xl  i) lit i ally

011 tlI(’ first illla{~c of  a  loIIg  till]c smics o f ”  SAI{ illla~,m :i]t(l tl](: icc ]tlotio]l”  t)a(:kcr  fill(ls III(’

])(wit ions of tllos(:  poil]ts  ill all subxqu(:]lt  ill]tip,(s  of t 1)(’ scri(:s. ‘1’llis  l,ag;ral]~,iall  ])ro(lucl

(ollliiil)s  H l’(:cold  of tllc tl’t]~(:(tori(:s  01 :111 ii] 1 ay of  ])(witio]l  IIl(:[lslll’(:lllcllts  of tlll(: ‘i(:(:  ]mrtliclcs’

t  ])nt tlrc Io(:atcd  oI] tllc  illitia]  gri(l  wl]i(:lt  ((MIIS ii rcp,iol) or tllc  (mtirc  Alcti(:  ()(:cali. ‘1’1](

Sillll])lillp, illt,(lrval is (I(:tl(!rl))i]l(xl  1).y ]’(’])(’;11  (“()\ ’( ’l’:lt:(’ of tl)(:sc ]miflts  lry SA1{ i~lla~’,(:ry.  W i t  II

;III illitiill f,rid s]mci]]~, of 5 li]I], tllcrc ar(’ :i])])]oxi]]];lt(’ly  t)()(), ()()() ])oil)ts i]) tlllis  array.  ovm

il will t(:r Wasoll of a])])l’oxil[]ilt,cl<y  (:ip,l)l lII(llIt 1]s, t 11( ’1 ’(’ :il”t’ (’10s(!  to 32 ol)S(!l’Vilt  ions fol” C:l(’11

t  riij(xtory. ‘1’11(:  p;rid(lcd  50  kl)~ II;ulcri;l)l  lJr(NIIl(t  r(])rcscl}t w e e k l y  icc lllotioll  wlli(ll  ar(

o])t i)]l:]lly  illtcr]mlatc(]  to tlll(: g r i d  l(x;lt  iol)s f’roI]I t IIcsc t]:ljc(:t{)]i(:s. \Vc ])1 (XILIC:(I rollti]lc

lf;l]lcri;lli  ol)s(:]l~tltio]]s”  of icc ]I)otioll fro]ll  il]];lp,r  ])airs fw lo(atim]s  like t IIC (; MxuII:IJ1(I  Sca :1])(1

Sollt 1) of tllc  lk:ril)p,  Strait l wl](m tl)(: (llara(l  (1 of t 1]( i(() IIlolioll”  is sll(l] that tllc  (I(:fol)ll:ltiol]”

(10(s IIot illlo\\;  11s to IIl:lillt:lill  tll(:  (Iellsio  of ])oil)ts to (1(’fill(’ a  l,ap,rall{’,i:lll  p,ri(l. 111 tll(’s

s])(~(iiil  r(~p,iolls, lv(~ s(’l(xl a IIip,l] 1(’]x’:11 (( J\ I(Ir:ip,(’  f’] ((II](]l(J’.

1( ’(’ /1.(](’ 117  SI0.(11”(111). ‘J’])(: icc il[’,(! (list]  il){lt  ion of” S(’il i(c s])(xifi(’s  tll(~ fl :I(tiollal :IY(:;I (X)v(’r(x]

Iy i(( ill (Ii fl(w!llt ap,e clt]ss(w,  witllill H p,iv(ll  r(p,ioll, :1s :1 fllll(tiol)  of til)l(: ‘1’llis  i(x: a~,(’

(Iislril)lltioll  is (’olll])llt(!(l  fl’oil] tll(’ fi(l(l of l,il~],l’il ll~’, iilll t l’ilj(:(’tol’i(’:+  (l(wril)(d OI)OV(’.  ‘1’111’



1(:(’ 7 ‘Ii 1(:/<71 (!,$’<5  llasik).(j?w  Ill ‘1’11(  i(x! tl)i(kll(ss (list] il)llt  iol} s])(xifi(:s  t,lIc fraction;  ~l ill’(t) cov(’r((l

ly i((! ill p;iv(:l)  tlli(’k~l(:ss  rt~]]p,(:s witllill  t] r(~p,ioll  a s  a  fllll(’tioJl  o f  ti]llc.  ‘J’1)(~  iu’ tl]i(litlcss

(list  ril)lltiol]  is cstimat(x]  flol)]  t 1](: ic(’ :]p,(: (list ril)utioll  Ilsil]p,  a]) (n)]])iri(:al  r(:latiolls]l  i]) 1)(’t \v(’(’11

f“l((7,il)p,  -(l(:p;l(’(:  days a]](l i(( tlli(’kl](,ss  :\s (I(s(:ri})  (xl  :)l)ov(’. ‘]’]1( ]li{~]lcst,  l(:so](lt,i(,l)  ])] ’()(111(’1s

])rovi(lr  tll(:  icc tllick~](:ss  l)ist  op,)al~)s of of tllc  1,a{’,rall~’,ia]l  cd]s. Agail],  a  50 kill p,li(l(l(’(1

]))()(lll(t  of tll(: icc t,hi(kl](ws  IIistop,lal)ls is ])]()(11](’(!(1  flolll tll(:  cdl  ol)s(:lvtltio~)s.”

11(1(/<.5(’(11[  (’7’  lllLSto~7C1111  oj I,(I,(ji”(l?[,(]  T(I’11 (O1l.S. ‘1’11(! l)tl(’liS(:llt  t(’1”  llistop,rallls  Of t 11(’ 1 ,?l{’,l’il lJj’,iilll

((IIIs ;II(’ I(xoI(lml  ill t h i s  ])]()(11~(1 ‘1’11(’  l)il(’1iS(’iltt(  ’1’  llistop,rtilll  fol” C<l(’1]  (:( ’11 is sil\’(’(1  ill t\\ ’(’11)’

1  (111 I)ills.  ‘1’11(:  l)<l(:liS(’:lt  1 (1 IIish)rj  \\’ill  illlo\v  t II(’  (()]r(lt]ti()]l  of sll]fil(c  ])]()])(rt i(s of t II(’ S(:I

i(( t () iltlllo S])ll(’li(” :11](1 Sill’fil(’(’ (oll(lil 1011s.



AI(I(I,YIIY(’?)I(:TII  1;7’)’07’,S,  ‘1’]) (’s(’ ;lI’(’ t~w) ]willlary  sOUI’(’(:S  o f  CI’ror i]) l))(::is~lrjllp, ](’(> l))otioll”  frolll

s~ll(’llil(’  illlil[’,  (’l’\’:  (1) 111(’ ~’,(~ol(x:l!ioll”  lll)((vliiil]l\’ of (’:1( ’1) illla{f,(  ]Jix(’1: illl(l ( ? )  tll(’ ll:l(killf),

14



4 ‘.1’13(: Sysi)m

I:)



SA

1;1( (

rt)

\\ ’(’

Summary and I)iscussion.

IC systclll  is dcsi~;l]cd SUCII tl]al, tl]c

111’(!.

‘s (l[lt :1 ])lmlll(:t s.

‘1)11( ]Jlo(wsill#, syst(IIIJ (lcscrilml II(VC S(U V( IS t II](I(I ])II]])(Mw: (J) ’110 tr~ll]sfo~  III valllcs  of ]a(lal

l)il(”k S(’/\tt(’J’  il)l,()  fi(’l(ls  of i]lfor]]]nt,ioll”  tllilt al’(’ 11 S(’1’111 fol” s(i(ult ist,s;  (2) ‘l’() flllal~y,(!  iltlaf~(!s

(())lsist(~]ltly,  so tl); it co]ll]):]riso]]s  cal I I)(I II Iacl(’ OI’(, ] lvi(l(’  s])at,i:ll  :111(1  t(:III])oral sc:]lcs wit,l]olli

])lil S (]11(’ 10 ])l’()(’(’SSj  Jl{~,; illl(] (:]) ‘] ’() ]Iilll(]](’ ]:1)}1,(’ \“()]lllll(’S of (]~11~1. ‘1’IJ(  1{(;1’S ;~lp,()~itllllls  f~iv(

11s illl ()])] )()rtlllllty to (:stiltlat(: s(:a ic(’ ]):llillll(’l(lx (i(() il~’,(’/t  IIi(l{l](ws) ])r(wiollsl~~  illtlc((:ssil)l(’

Ilsillp,  otll(’1” (Iat, as(’ts. ‘1111(1  ])ot(’l)ti:ll  ]xlyoil”s  111 p,(ol)llysi(:ll 1111(1(’)st  ii]l(lil}p,  of t II(I ]Jolal  1(’p,iolls

iii]]  I)(’  l’(’l’j~  ltllp,(’  if t 11(! l’;l(l[ll  (’(n’(’l’a{~(’ :11)(1  (I:lt;l  (]llillit~  :Illolv 11s to 10111 il](:ly  Ill:lk(’  lmsi))- s(’:11(’

(}l)s(’)i~:ltiol)s  of tll(’ Antic ()(w)].

1 (i





ILcf(!rcnccs

11:11’  1)(!1’, 1). (1., ‘l’. i-x. l’:l]):il{yl’i[  ll<oll al)d 1’;. 1“. 1 J(!I )1’(!w.  011 tll(’ l’(’l;lt iollslli])  1)(’t  \\’(’(’]]  (’ll(’l’{’)\”

I1{lXCS,  (Ii(:l(x:tli(  lJl(J1xrti(:s,  all(l 1111(  l’OIVilV(!  s(:]t tcl ill?, (wcl  sl]ow ((ol’(’1(’(1  first y(:al’  i(()

()()( (;]]), 22401-22411, 1994(Iurillp, tl](: s]millf,  Ilal]sitlioll  ])(’ri(xl,  J, (JcoplL!ys.  l/es., , . .

(; III1:III(lcI, J. (;., 11. IIolt. K. (;. lIIIss~y.  1 )(tc]]l]i]l:ltio]]  of SC; I icc ]Ilolioll Ilsi]]p, (Ii{’,it:ll  SAI{

illlag(u y, ])~])h’ ,1. Oj ()(:(:(171?(:  ];7L{/?71(’(7”  I?L{/,  ()]’;-  ] ()(4 ) , ])]). 3[)8-367, ] {)8[),

l“il-y, M .  aIId 1). A .  llotllro(k, S(:I  i(c t] a(killp, lry IIcst(:(l  corr(:latiolls,” 11’)ljlj  7}TIJI,S. (;(:os(;i

1{(!11101(!  Sml,$.  , , (;1’:-2[)(:)). ])]). 570-580,” 1987’.

IJowlw, (;., W .  lI;IIIcry aII(l  J, Nl:lsla]]ik, ‘1’11(  (; OIIsc(jII(:IIc(:s  of ‘7-(1:1)  S:])tl])lillp,  fol I{ AI) AI{ SA’ll

1[:(: h40tio~)s”  :11)(1  1 kiIi\I(d ]4’](](1s,  199[),

IIolt, 1]., 1). A, liotl II()(k  tIII(l  1{, l{lvok, l)(:t(:llllil)tltioll  o f  sc:i i(( IIlotioll f]()]JI  sat(’llit(

inlap,(v ,y,. i]] h~?(?’()’(j)(l ()(’  ]{(’~l(oi.?  L5’(’7/.5i?/{/  of .$)’~(]  ](f, 1+)(1.  h’. 1). (hrs(yl (;(w])tlysica]

M(n]()[I,N]])l] (N. A(;  ll. 1{){)2,

l<wok,  1{ aII(l ‘ 1 ’ .  II:iltzol ‘1111( (;(x)  ])l)ysi(al I) IO(CSSOI  Syst,(:ll]  at  tlI( AI: ISIGI SAlt I’a(ility

1’}/010{/7717//7 //.” lf/’7/,f//:(]. (17/(/  l/c7)/oi(’  ‘$(  ’’//s,, vol. (i], No, 12, 144:)-  14[)3, 1 !)!):).

Kwol;  , 1{., 1). A .  l{ot  IIlo(k,  11.  1 ,  St(vll aII(l (;. II’.  [;(l]l]]illp;l]:l]]], 1 )(t(r]l)i]]at  io]) of 1((’ Aj:(

usillp,  1,il[],]:il)p,iill) ol)s(]\~iitio]]s”  of 1(( h40tio]], 1111111 7}(/7/,s.  ~i((),s(?. f{(I/l( 1/( ,9(v/,;.,

vol. 33, No. 2?, ])]), 392-400, 199,!).

l<\vok, 1{,, 1’;. l{i[:]]ot, 11. 11011 :11](1  1{. (;. ol]stott,”  1(1(’]ltifi(:ltif)]]  (1~’S(’il  1((I ‘1’y])(s  ill S]):I((-

()’7 ((;2),  2391-2402,  19:)2.borII(!  SAI{ ])at:l, J. (;((qdi:(ys,  1((,s.,  ,



Ivli]ykut>  (:. A. , ‘11}](’ %]rfa(w ~l(wt aII(l  h4ass ])ala]]c(:, i]] (: COJ)}1:1JS7[:S  of ,~(!(l I(:C, 1’; ( 1 . N.

ll]]t(]st(:i]l(  :], , c1 I(:S$ “ ~ 11: l)l]ysics  V o l .  14(i, 1’1(:1111111 I)IWS, I(M, l), 4 2 3 .

St C’lll) 11, l , . ,  1), A .  l{otf)~()(li  aII(l 1{. l{wok,  ()] J(:II \V:It(!I  l’lo(l~lctioll ill Ar(ti( S([I 1(:(:

Satcllit(  ]I](::]sl]l(]]]c]lts  :iIId 111()(1(:1 ])}l];lll)(~cliy,:i(iol)s,  J. ~J(wp~/ys. }/(’s., 100” (c]())>

20(iol-2061’2, 1995.

LI)lt(lst(’i)l(l.  N., 1;(1., ‘J’11(1  (;(!ol)llysi(:sc)fS(::l 1((! ,  S(!Ii(:s 11: l’l]ysi(sVol,  14[;, 1’1(’1]111)1 1’1’(::;s,

1 {)~(i.

\ViI(ll  Ii III Is. l). aII(l J. Col)l  iso,” ‘I’ll(: l(:crl’l  li(:k]](:ss  l)ist]il)lltio]t  1111’(II(Y1  llsi]l[\ l{(:]t](){  (’S(]]si]l{\

‘I’(~(ll  l]i(lll(’s,  i]] Mi(:7YJ?Iv/u(’  li’r7//otk  Sc71s?71f/  of ,9((/ 1(:(’, 1;(1. 1’. 1). (km(y, (~((]])l]ysi(;ll

hlo]]oy,]a])l}”  68, AGU, lf)92.

ll~il](l)l(]lll(],  1 ) .  1 ’ . ,  II;. 1). N(:lsoII,  1{. (;oloIIy,  1{. 1 ) .  ]Vcst,  ol)s(],i]tio]]s”  (jf III(lt ()]]s(:t  011

]tj~lltiy(~:]]  Ar(ti( s(Ia  iw llsil~p, II;I{S  1  sylltll(’ti( a] NIIIII(  r: I(laI. .1. 6’(wI~h?/s. f/( ’tI+., ,
{){)((’ 1]), ])]). 2’24’2[)-22441, 1094.



‘1’?) 1)1(’ 1

]{(’(’()]’(] of ] ‘a]<l]]](:t(v’s  (AIw]  (“]l:lll~, (%, A)’,(  1 )istlil)lltio]l)  i“m]l] ‘1 i]t](’-:;(:(l~l(:]]cc  Alla ]ysi:+

(1’:xillll])l(’  1)

1{(’(”01(1 ‘1’iJll(’ M(HJ1 (;(’11 1“1)1) AT(YI*  of Ap,c {.;l[lSSj

( I )  AY:lIII) ‘1’(;III]J,’/’ AJ(:I,  A* 1 2 3 4 1“% h,] JJ l{i(lf’,e(l  1’}’

1 077:22 -23 2:)00 1 1 6 4  1:+:3(; o

2 080:22” -20 3034 (if) [)34 598 ] :]oy o

:3 083:22 -20 320:) 12(i 1’71 :)34 :)36 ] g[;,q ()

4 08(;:22 .][] 331 ‘i 1 (i(i 11’2 171 :):M 1046  l’\[)4 o

5 08{):22 -17 323:) ~x) () J() 171 5 3 4  1 2 3 5  1205 20

‘J’:)  ])](’ 2

l{(((N(I  of l’ara]})(:t(ns  (AIWI (II: II I}:(W. Ay,(I l)istril)~ltioll)  fro})) ‘l’ilt)(-s(:(lll(’ll(c  A]]alysis

(1’Xillll])l(’ 2)

]{(’(’OJ”(] ‘l’i)])(: h4(![lll (:( ’11 1“1)1) A] ’(I{1* of A?,(’ ~hSSj

(I)A”Y:IJI1) ‘] ’(:111 ]), ~’ AI(:I,A$ 1 2 3 4 1 “ %  NIY l{icl{’,((1  IIIY

1 07’7:22 - 2 3 2[)()() (i{)2 1~()~ ()

:) 080:22 - 2 0 ??:l(i (i!) 23(i 575 ]{)~:} ()

:{ 083:22 -20 2807 12(i 71 2J3(i (j12 INN ()

4 08[i:22 .]{) 2!1s I 1 (i(i 112 71 2;3(i 5 4 0  l{)(io ()

:) 089:22 -1’/ ‘f ’(i!)’(’ 22!)  () () () J 2(; :)8s  1{)12 7 I

‘ 1 ])ix(l  ~ lool)/”  x 1007/) ~ 1 0 0 0 0  ?//:) ll))it  ill”(’il

111)1) ~ (;lll]llll:lliv(: fl(~(!~,ill~-(1(:~’,1((  (Ia,ys



‘lhl)l(’ :3

1{(;1’s  l):ll:ll):ls(:’  1’:11)1(’s

(;(’/lfl  i17’//)?l? (’.? ‘1?ll )1(’

(;(:11 i(l(lltificl 1 ‘J’illl(!  of olmm’iitioll

A](ii

Ail ‘1’(:)l]l)cliitlllc

\~lj,,(]  ,], ,,

Wil]tv):  ]IIIIltiy(:ar  icc firca

Sllll)ll)(n’:  ()])(:11  lvatcn’  fl’ilct’ioll

ll]ti(l[ll((  all{~lc

llil(’liS(’?lttCl’ IIisto[:riiltl

(1(11 i(l(lltiii(v  ? ‘1’ilt)(’ of ol)s(I]v;IliolI”



l)(wcril)tio]l

1 )qyallg,  ial]  ]11011011”  t r:ljwt’mics

(;riddc(l  icr  lllotlioll

i’lul(:ri:lll  icc l]l(~tioll

ICC a~,(: Ilisto{:ralll

I((I ;Ip,( IIislo[iralll (i)lt m])(Jol(d)

(;ri(l(l(’(1 icc ap,c l]ist ()[118)11

I(:c ‘1’lli(:kl)(:ss  IIist,ogl  aIII

(;)i(l(l(xl  i(x) tlli(:kll(xs llistop,rall~

AI(H/Ol)CJI water fr;](tio]l

Gri(ldc(l  opcII wah fr:ictioll

IIackscatt(:r  IIistograltl

Gri(l(lcd  Imcks(:attcr  IIisto[’,riilll

M(’lt olls(!t/l’}’(’( ’x(!lJ])

(Jrid(lv(l \4~ill(l/r1’(11  }])/l’r(:sslllc

‘1 ‘al )1(’ 4

1{(:1’s  l)at;l l’1’()(lllcts



1{’igurc

IO{ ’,(II(’  1. 1

all(l 4 of tll(’ l(!])(!at Cy(’1(’.

l{’i,f’,lll’(!  2. 1 )iS])lil((’lll  C!llt V(!(’t 01’S (1( ’1’

1 w)(i).

d fr(HII a ]mir of l’;l{S - 1 ,SAI{ il)]a[tcs (1{;1{S1 il]lap,cs:@lXA

~l,lallp,i:l)l icc IIlot ion  ol)s(:l~~;iti(~])s A  sillllllat ioI]. (’1’1)( l,:l{l,]:ll]{~,iilll  t ltlj(:(t (mics ale (] (:lt (xl

floll] AVIII{I{  i(:c lllotiol] OIW) vatiolw),

l’ip,urc 4. l)c:t(llllil)illic)ll o f  i(x: ap,(: (listril)~ltiol] t])J(l tlli(kll(ss  (Iistril)(ltioll  i)] a  p,li(l ((:11

(’xtl:l(:tc(l  floll)  tl)(:  tilllc s(x]ll(:ll((:  (1’;xall]])l(’  1 ) .  (/]) ‘1’1)(:  il]lap,(: s((I(]c]I((!  sl)owill~;  t 1)( (l(fol  -

IIlatioll  of a {I,ri(l  cdl, (1)) 1 ‘lot of H](W cl]a])p,(:s
,.

[1s :1 jull(’t!  loll  o f  tllll (!, all(l  agc IIlsto[’,rall)s

(wlt)])lltc(l  fml)l tl)c awl cl]a]lg(x. (c) l’lot of III(:  flc(~y,lllp~(lc{’,l(:c  (lays a])(l tl](: coll]])utlcd  thick.

11(’ss of 11)( i((:. ( ’  1 ])ix(:l : 100?// x 100/// ~ 10000 7)/2 ~ unit ar(!n)  (l;I{S1 il~lap,(!s:@)l’XA

I w(i)

l’i{’,llr(  5. 1  )(!t(:ll]lill:ltioll o f  i(c ag,r (Iistril)llt iol) :111(1 t IIi(kllcss (Iistril)llt  ion ill a  p,ri(l  (:(:11

(’x( la(’l(x]  flolll lIIC tilll(’ sc(jucllcc  (1’;xal]J])l(’  2). (a )  ‘1’I)(J i)lla~,(’  s(x]llell((’  sllowil]p,  t II(: (l(:fol’-

1]1:11  io)) of a p,ri(]  cd] .  (1)) l)lot  of ar(:a (’l}a])~(’s  as i~ fllll(tioll  o f  Iilllc,  ali(l  ap,c IIistop,rallis

(olll])llt(:(l f]oll)  111(: :11(::)  (lIal  Ip,cs. ((:) 1 ‘lot of t II( fr(,(,zill{),-  (l(~~lc(’  (lays :1]](1  tl)(: coll]])ut(:(l  (l]icl<-

11(’ss of 11)(:  ice,  (* 1 ])ix(’1 : 100?)/”  x  100/)/” 1 0 0 0 0  )~)y : llllit a](I:]) (1;1{S1 illl:lp,es:@Jl;SA

1 99(;)

IPi}’,llr(  6, IIlock  (lia~;ral))  sll(nvil)f,  tl)c p,(I]](’]~11  s(l)(’IIJ  (I.

l’i{’,llr(  7 .  l’lot of tl)( tlr(a  of h4Y i((), J\k,Al), ill t 11(  t\v()  [:ri(l ((11s. (a) (Jli(l  (:(!11 1  ; (1)) (;~i(l

(’(’11  2, 1 ):1s1](’(1 lill(~ sll(n~’s  tl](’ al’(’lap,(’ NIY :ir(il, A,fl~, (Y) II I]) IIt(Yl llsill~’,  tll( lwoc((lllr(:  ill (11(:

t(Ixt. (’ 1 ])ix(l 100/)/” x 100///” 1000[) ‘///;) ll)til  ;IM:I)

l’i{’,111(  S. ‘1’l]il] i(() I_l:](t  iolt (~ 25 (111) (Ist ill lilt ( ’ ( 1  l)) t 11( i(( :}{\(:/tlli(ltll(ss  ~ll~l,olitlllll  Ilsil)p,

t  11( sil]lulat(:(l i((! 1]]01  ion tl:],j(:(loli(::;  11s(,(1  to  (Y(;I1  (I l’i{’,. ;~.

l’i{~lll(  {). ()])(’11 \!’tll(:l’  fl’i}(’l io)] (0111 ])111(’(1  Ilsil)f, t  11(’  (’xj)(’(t(  ’(1 I):l(ks(’:lt 1(’]’ of lvill(l lollj),ll(’(l

2:;



24



Radarsat Arctic Summer “snap-shot”
ScanSAR (460km) Coverage for Episode 1 of 4 (Orbits 029- 057)

J. Crawjcord /JPL {jVet SAR  on-Time: 99 Minules  !
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